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PREFACE. 
This tr1esis consists or two volumes, viz.: the text, 
Volume I, and the mapo and profiles, Volume II. 
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RECONNAISSANCE SURVEYS. 
The reconnaissance survey is the forerunner of the prelimi-
nary survey, and is generally made by the Chief Engineer, who re-
ports to the Board of Directors before appropriations are made for 
conducting the preliminary and location surveys. The physical and 
financial condition of the country tl1rough Which the line passes, 
together with the engineer's, financier's, promoter's, and special 
agent's reports, are matters considered by the Board of Directors 
before the more costly surveys are ordered.. The reconnaissance 
surveys are made to find the feasible routes between termini, which 
are taken as vantage, piv,otal, or controlling points. 
CLASSIFICATION.. Reconnaissance surveys can be divided into 
three classes according to the time, expense, and accuracy of the 
work •. 
Class r. The first class of reconnaissance surveys is usu-
ally performed by one engineer, using tr1e available maps and pocket 
instruments for guides. He reports only on the possible gradients, 
the cost of construction, and the probable business of the country, 
unless in his opinion a line can be located anywhere or there is 
but one economical line in tJ1e country. A reconnaissance from the 
rear platform of a passenger train or the top of a freight car 
comes under this class~ The engineer forms some idea of the cost, 
business, gradient, and curvature on the line he passes over; and 
assumes similar topography, cost, gradient, and proportional busi-
ness on a line not far distant.. This assumption would be risky 
and hazardous for a line in a mountainous or semi-mountainous coun-
try. Companies resort to the method of train reconnaissance by 
10. 
sending their engineers over lines they are desirous of purchasing, 
controlling, or obtaining traffic arrangements with, and with which 
they wish to consummate the deal tJ1rough a third party, 1est their 
presence arouse suspicion and affect the price to be paid. 
Class II. Reconnaissance surveys of the second class require 
more time and expense than Class I, and not as much as Class III. 
The Class II reconnaissance is made by one engineer with such help 
to move his luggage as circumstances may require •. The instruments 
used are the pedometer, hand-level, barometer, prismatic compass, 
field-glasses, and sextant. If the reconnaissance follows the wa-
ter courses, only the economical side or the stream and the proba-
ble crossings need to be investigated. The fall can be obtained 
at intervals with a barometer or by estimating the velocities of 
the streams; and the distance by gaiting a horse, or with a pedome-
ter, or from angle shots taken at prominent topographicai points. 
The difficulties to be overcome on a reconnaissance across the 
drainage of the country increase as the angle of the survey ap-
proaches 90° with the water courses •. On reconnaissance across the 
drainage, the elevations of the controlling points and the distance 
between them must be carefully obtained •. On long surveys across 
the drainage, the engineer must make several trips between termini, 
and crosscut the various routes so as to cover the territory twenty 
.. 
or thirty miles on either side of the air line. In such unsur-
veyed, unplatted, and sparsely inhabited country With few if any 
roads, packtrails, or packtrains, the engineer's crew must be in-
creased in size. 
Class III. A reconnaissance of the third class, Which is 
equivalent to the cheapest perliminary survey, is performed by a 
11-
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small stadia party composed of five or six men and a topographer .. 
This class of survey is made only in difficult country, and is gen-
erally run after a reconnaissance of the first or second class has 
been reported upon favorably. In easy country this class of re-
connaissance need not be followed by a preliminary survey. 
Q,UALIFICATIONS NECESSARY FOR A RECONNAISSANCE ENGINrEER. Trie 
value of the three classes of reconnaissance surveys depends direct-
ly upon the time, expense, and accuracy of the work, and indirectly 
upon the engineers ability; therefore t:rie engineer must be a man of 
much experience as a locating engineer. He must be able to size 
up a strip of country at a glance, to note the probable cuts and 
fills and their classification, on lines of various gradient and 
curvature; and must also estimate the proportion of tangent, ruling 
gradient, and the length of the bridges and tunnels. He rnunt be 
able to compare any country examined witl1 other countries in which 
he has located or knows the cost of construction. He must have an 
acute sense of direction and be quick to note changes, so as to es-
timate the probable curvature. His topographical experience shouJ.d 
enable him to trace the probable grade-line contours for the vari-
ous gradients and curvature on which he Will report.. He must seg-
regate and report on the lines of the various gradient and curva-
ture he indo.rses, so that the economical line for the country may 
be reqdily ascertained. He should check the available maps of the 
country to be traversed with the topography of tJ1e same .. He should 
note all mineral deposits and such facts as rock dip, texture, 
stratification, and change of formation. He should keep in mind 
the probable station and siding sites, and the best location for 
feeder lines that may be constructed in the future. 
r 
li 
12. 
REC'ONNAISSANCE REPORTS. The reconnaissance reports must 
embody the estimate of cost of construction on the various projec-
tions for different grades and curvature. The reports should be so 
segregated as to enable those interested to approximate the cost of 
the various routes.for any gradient between the allowable maximum 
and minimum, and should give the engineer•s view of the most econom-
ical line, and the gradient and curvature he indorses •. The report 
should include a statement showing the state or development of the 
country and the probable increase in value, a1so tlrn probable in-
crease in value of the line he indorses, if it should be construct-
ed. The business of the country, the coal and mineral deposits, 
and a11 mat er ials of construction sr1ou1d be carefully investigated; 
and in the report should be noted the amounts and value of each, and 
their probable deve1opmentv The report should include the cost of 
development and the maintenance of the hydro-electric power if any 
economical water power sites are located on the various routes se-
lected, or within a distance such that the current can be economi-
cally transmitted.. The probable amount of freight in cars per 
mile per year should be carefully investigated, as well as the prob-
able yearly rate of increase of the same. There should be finally 
an estimate and report on the balance of grades and traffic~ 
RECONNAISSANCE FR01v1 MEXICO CITY TO GUADALAJARA. 
PREPARATION FOR THE SURVEY. The writer was ordered by the 
division engineer of a railroad in the Republic of Mexico to make 
a reconnaissance from Mexico City, Federal District, to Guadalajara, 
State of Jalisco. The orders read as follows: 
11 Herewi th draft for ---- :pesos. Proceed. to Mexico City, 
I 
t 
equip, and thence on reconnaissance toward Guadalajara, finishing 
that portion first between Mexico City and Morelia, State of Micno-
acan.. This off ice has no maps of the country.. I suggest no in-
termediate points". 
The writer hurried to Mexico City; and purchased mules, 
saddles, aparajoes (pack harness), a small wedge tent, a few cook-
ing utensils, and scanty :provision, and made ready to start •. 
The work done under this order will be desc·ribed under rour 
heads as follows: ( 1) Mexico City Terminals, ( 2) the Line from 
Mexico City to Morelia, (3) the Line from Morelia to Guadalajara; 
a.nd following the discussion of these sub,jects will be presented 
( 4) tr1e Summary and Conclusions. 
I. MEXICO CITY TERMINALS. 
It was thought advisable to report upon the union passenger 
station possibilities and upon the best location for a terminal be-
fore attempting the reconnaissance from the City of Mexico to Mo-
rella, for three reasons: (1) the company can take action regarding 
the select ion of a terr111nal before its plans are suspected, and 
therefore take advantage . or the low pr ice of realty; ( 2) a loop 
around the city may possibly be thereby avoided; and (3) the report 
could be made while the outfit was being collected and regulated. 
Mexico City is the capital of the Republic of .Mexico, has 
over i+oo,ooo inhabitants, and is the center of' wealth, politics, 
education, and religion.. TJ1e city is located in a wide valley, at 
an elevation of 22~0 meters or 7850 feet above the sea. The val-
ley is s.kirted on the east and west with mountain ranges and peaks 
ranging up to 17,500 fBet in elevation. The city is bounded on 
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the east by Lake Texcoco; and prior to the drainage of' the valley 
by a long canal and tunnel, the greater of the site of the city was 
below the water level of the lake •. The city is 1eve1 and offers 
no topographical obstructions to a railroad's entrance or to its 
terminal location~ 
There are two feasible routes of approaching the city from 
the west, one from the sout}ffiest at a bearing of about south 80° 
west, and the other from the northwest at a bearing of ~bout north 
50° west. For brevity these two general courses will be referred 
to as the southwest and the :northwest projections .. 
ELEMENTS AFFECTING THE SELECTION 0]' A TERMINAL. 
In selecting a terminal each of the following elements must 
be considered: (1) location of the proposed union passenger sta-
tion; (2) cost of the right of way; (3) proximity to the traffic 
and the business centers of the city;:. ( 4) proxirni ty to the custom 
house; (5) desirability; (6) accessibility; (7) possibility of belt 
line connections; (8) possible location of transfer tracks; (9) 
social divisions of the city; (10) subsoi]_ for foundations for pos-
sible buildings; and ( 11) politics •. Each of the sites investigat-
ed in this report will be analyzed according to the e1even forego-
ing elements: and the various sites Will be compared with one an-
other, and each compared with the existing terminals according to 
the e1even elements named in the foregoing discussion. A cornpari-
son of the proposed sites and the existing terminals gives a basis 
for analyzing all the schemes in a comprehensive manner. 
I. LOCATION OF THE PROPOSED UNION PASSENGER STATION. Noth-
ing definite is known regarding the location of t11e proposed union 
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passenger station. The five sites considered in this report are 
those suggested by the press and the populace, and lack official 
recognition.. They are as follows: ( a) National Railroads passen-
ger terminal; (b) the present Mexican Centra~•s passenger terminal; 
(c) the site marked Yin the northern part of the city in the 
neighborhood of' the Hippodrome de Peralvillo ( see map No. 1, Vol. 
II); ( d) the land joining the city on the south, known as tr1e Es-
candon holdings; and (e) the land joining the city on the east in 
the neighborhood of the penitentiary, known as the Peiion holdings. 
( a) National' s Passenger Terminal.. The H"ational •s passenger 
terminal lies southwest or the Centra1 1 s passenger terminal, and is 
bounded on the north by the Santa Maria, Colony and on tne south by 
tJ1e CUaUhternoc addition, Reforma Colony, cavadonga Park, and the 
Spanish Colony.. The unimproved property adjacent to the Paseo de 
1a Reforma in the cuauhtemoc addition varies in price from $25.00 
to $60. 00 per square met er, and over one block back from tr1e Paseo 
the price varies from $15 to $35 per square meter. The unimproved 
1and on the PaseQ de la Reforma is owned by Jose Limantour, Secre-
tary of the Treasury, and it is reported not to be for sale. The 
unimproved land on the north side of the Santa Maria Colony, adja-
cent to the cuernevaca Branch of the Central, is priced at from $15 
to $25 per square meter. 'l'he remainder of the santa Maria Colony 
is highly improved, especially that portion adjacent to the Nation-
al• s passenger station;· therefore the first cost and the attending 
damages would make this land prohil)itive for railroad purposes. 
It is rumored that Secretary Limantour will purchase the 
present Nationa1 1 s passenger terminal site as soon as possible af-
ter the combination of t11e National and Central railways.. The 
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voting control of the combined 11 N"ationa1 Railways of Mexico" is to 
be held by the federal government; and th.erefore the policies will 
no doubt be subservient to the wishes of such politicians as Liman-
tour, Pimental ( mayor of the city), Escandon ( Governor of the Feder-
al District), and others. 
The Nationa1 1 s passenger terminal is too small for its own 
use, and hence is entirely insufficient in size for a union passen-
ger terminal. The surrounding property is very valuable, and 
therefore it is improbable that this site Will ever be selected for 
a union passenger terminal. 
(b) Mexican Centra1 1 s Terminal. The Mexican Central's ter-
minal is as we11 located for a union passenger station as any ter-
minal in the city, having two street car tracks in front and two 
others two blocks distant. The Centra1 1 s terminal is used for 
both freight and passenger business, is conjested at the present, 
and if it is to be used as a union passenger station other freight 
terminals will be necessary. The present station must be enlarged, 
the substantial freight houses discarded, and the tracks recon-
structed to handle the passenger business o:r tr1e city. Tr1e pres-
ent terminal could be used for freight without enlarging, and the 
passenger business transferred to a new union passenger station. 
The Central will find tne :price of the abutting property exorbitant 
if it tries to enlarge the present terminal •. There might be an 
inclination on the part of the Federal Government to move the Cen-
tra11s terminals to less desirable property after the combination 
of the National and Central railways under the "National Railways 
of Mexico" •. It appears that tJ1e most favorable location for the 
central's freigr1t terminals is north of the .nationa1 1 s freight yard 
and east of its main line. If the Central's terminal is used as 
a union passenger station and its freight terminala located north 
of the National's freignt terminals, then the offices, shops, and 
the transfer freight and storage facilities could be combined., 
The Govermnent will control tr1ree rourtr1s of t11e railroad 
mileage entering Mexico City, therefore it is readily seen that it 
is hazardous to predict what may be done about the combination of 
the freight and passenger terminals without knowing the goverrunent •s 
policies .. • 
A belt line is formed at the present on the east, north, 
and west sides of the city, by the main lines of five railroads and 
their connections, although it is not operated as a belt line. The 
railroads which form this belt line are the Central, t:rrn National, 
the Mexican, the Interoceanic, and the Hidalgo and Northeastern. 
These connecting lines are of various gages, and could be operated 
as a belt line by all the railroads in the city,, except the Xi coy 
and San Rafael, by laying the third rail and the necessary frogs so 
as to permit both narrow and standard gage trains to pass over the 
same line, and by the eliminating sharp curves and adding cross-over 
swi t cries. By making the changes referred to above, the Centra1 1 s 
terminal could be used as a union passenger station within sixty 
days without affecting the t~affic. 
The Mexican Centra1 1 s site is the most favorably located 
of all the present terminals; and if any one of them is considered 
seriously, it will be the Centra1 1 s. 
(c) Hippodrome de Peralvillo. Rumor has it tr1a t the site 
marked yon the map of the city (see map No. 1, Vol. II), situated 
north of the Monte Alto Railway station and c1ose to the HippodrQmo 
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de Peralvillo, will be the union passenger station, and that the 
present National and Central sites will be abandoned. This site 
is favorably situated in regard to its distance from the centers 
of passenger and freight business, and also in regard to its acces-
sibility; therefore the site apr,ears to be the cheapest and the 
most advantageous for connections with the existing railroads en-
tering the city. This portion of the city should be investigated 
closely before a union passenger station site is selected. 
(d) South Side Sites. The land lying south of the city is 
also being considered as a possible site for a union passenger sta-
tion. This site is very favorably situated with regard to the 
passenger business, and with regard to 40 per cent of the light 
freight business; but is very unfavorably situated for a11 of the 
heavy transfer freight, and 60 per cent of the light freight busi-
ness •. This land is owned by people connected with the government 
and is reported not to be on the market. The south side site is 
a scheme Which appears to be advanced for the purpose of booming 
the property in that section of the city. The tnree trunk lines 
handling the greater portion of the freight coming to the city en-
ter from the northwest and nort11east; and tr1erefore the property 
available for belt line purposes must be very cheap, the conces-
sions of property and money very large, or the :pressure very great 
to induce these railroads to build belt lines entirely around the 
city. As this site is very unfavorably situated for the freight 
business, which is the most important item to be considered, and 
also for the various reasons given above, this site is not consid-
ered very promising. 
(e) Penon Land. -The Penon land lying east of the city is 
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being advanced by some people as a possible site for a union passen-
ger station. This land lies between the city and Lake Texcoco, on 
the east, north, and south sides of the penitentiary. It is the 
most poorly drained and the most squalid portion of the city, there-
fore it should be very reasonable in price. The site is favorably 
situated with regard to the centers of both light and heavy freight, 
the passenger center, and the custom house; and can be reacr1ed at 
little expense by all of the trunk lines on the north, east, and 
west sides of tJ1e city. This site is as favorably situated as the 
Hippodromo de Peralvillo site, and should be thoroughly investigat-
ed before a union passenger station site is selected. 
It is possible that the Nationa1 1 s and Oentral's passenger 
business will be moved to some union passenger station in the north-
eastern part of the city, close to the zoca10 (for example, the 
east side projections No. 3 and 3ai, which Will be discussed on page 
2. q), thus leaving the present National arn1 Central freight termi-
nals for the combined freight terminals~ 
I· (2) CHEAPNESS OF THE RIGHT OF WAY. This item included the 
II 
cost of the right of way and the attending damages. These two 
items will be proportional to the length of the line. 
( 3) PROXIMITY TO THE CENTERS OF THE CITY•· For Clearness' 
two centers must be distinguished: (a) the center of passenger bus-
iness or the center of population, and (b) the center of the i'reign.t 
business. 
(a) The passenger business can be considered as grouped 
about two centers, viz: the theoretical and the actual passenger 
centers.. The theoret ica:L center of t:ne passenger business is as-
sumed to be at the center of population, Which is estimated to be 
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at a point marked B on the map of the city ( see map No. 1, Vol. rr) 
about two blocks south of the Alameda. The actual or distributing 
center of the city is the zoca10, since all the main street car 
lines in the city and the suburban connections, loop the zocalo and 
transfer their passengers to and from it. 
(b) The freight business can be divided into three classes; 
(1) wholesale, (2) retail, and (3) heavy or transfer freigr1t .. 
( 1) The greater portion of t.t1e wholesale freight is centered 
soutJ1west of the zoca10., but will in time be forced closer to t:r1e 
trunk line transportation by the advance in price of realty and 
rents in the heart of the city. 
(2) The retail business centers around the zoca10, its le-
gitimate place between the center of population and the center of 
transportation .. 
(3) The heavy or transfer freight, such as grains, coa1, 
oil, stone, stoneware, cement, and manufactured products, centers 
along the National and Central lines in the co1onia Chopo district 
within two blocks of the Calzada de Nonoa1co. Many small miJlls, 
tanneries, and factories are located at random on the north, east, 
and south sides of the city. This business can not be classified 
as heavy freight. The revenue collected from these small estab-
lishments forms a very small percentage of' the yearly r.reight in-
come, and their freigh.t would come to the freight t errninal regard-
less of its location. 
( l.J.) PROXIMITY 1'0 THE CUSTOM HOUSE•· The di stance from the 
custom house is very important in considering the economic 1oca-
t ion of the freight termina,ls, since it is the center of a11 the 
freight subject to duty, and this freight is a large proportion of 
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the total .. 
( 5,) DESI RABIL I TY. This item refers to the surroundings of 
the station site, the lay of the ground, the drainage, etc. 
(6) ACCESSIBILITY. Under this heading is considered the 
roads and streets leading to t11e various sites, their widths, those 
opened or possible to be opened, those paved or unpaved, and the 
strAet car facilities. 
(7) BELT LINE CONNECTIOlr8. Good belt line connections are 
very important.. This matter has been considered in the preceding 
pages with regard to the Central, and will be considered in connec-
t ion with the heavy freight, for eac11 of the terminal sites report-
ed upon. 
( 8) TRANSFER TRACKS. This i tern refers to ·the possible trans-
fer tracks connecting other railroads, large factories, and ware-
houses, and will be considered in connection with each of the ter-
minal sites reported upon .. 
(9) SOCIAL DIVISIONS OF THE CITY. The city has developed 
socially into various well defined colonies or districts, viz~ (a) 
the fashionable residence district, (b) the wholesale and warehouse 
district, and (c) the peon districts. 
(a) The fashionable residence diatrict lies in the angle be-
tween south 45° west and north 45° west, from the Zocalo as a cen-
ter; and 1 t will continue westward, as this is the J1ighest, best 
drained, best sewered, and the best improved portion of the city •. 
The Cha:pu1tepec Castle is located on the foothills to the westward; 
and is the center of the state roads, boulevards, parks, and the 
expensive government improvements. 
(b) The warehouses, wholesale houses, manufacturies, steel 
22. 
works, and the public industries lie in the angle between north 45° 
west and north 45° east of the Zoca10 as a center. 
(c) The penitentiary, Lake Texcoco, Penon and Escandon hold-
ings, and peon quarters lie in the angle between north 45° east and 
south l.J.5° east from the Zoca10.1 as a center.. This port ion of the 
city will remain peon quarters, for the streets are narrow and 
crooked, the sewer and drainage facilities inadequate, ancl the sho:r:s 
and stores small and squalid. Small factories, peon quarters, 
street car terminals, ancl the open lands owned by the Escandon fam-
ily lie in the angle between south 45° east and south 45° west from 
the zocalo as a center. 
(10) SUBSOIL. The subsoil in all parts of the city ap-
pears to be a volcanic ash. The higher portion of the city to the 
westward has a little better drainage, and hence the subsoil may be 
a little better. Sheet water can be obtained in any portion of 
the city and at any season of the year at a depth of three to five 
feet.. The bedrock appears to be at too great a depth to be reached 
for building foundations. Inquiries into the method of building 
construction reveal the fact that the large buildings are construct-
ed on a grillage or pile foundation. Some of the stone buildings 
that are not so constructed are in an excellent state or preserva-
tion, yet are condemned on account of their unstable foundations. 
(11) POLITICS. This is an important question and can be 
divided into two divisions: (a) public sentiment, and (b) attitude 
of the government. 
(a) Public sentiment, While not strictly politics has to 
do with trie will Of the people. Some portions of the city favor 
commercial activities and others residential grandeur. The resi-
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dential sections consider a railroad a menace, because it blockades 
streets, endangers life, and demoralizes values. The districts 
that favor public activities depend upon the factories, the rail-
roads, and the business to boom realty. 
(b) The attitude of the government, or the wish of those 
directing governmental affairs, as has been stated before, is a 
very important question; and at tne same time is one about which 
little is known publicly.. From the indications, the north and 
east sides of the city are favored for commercial activities and 
railroad terminals. 
SITES INVESTIGATED. 
Seven sites were investigated with reference to each of the 
eleven preceding factors, as fo11ows: (a) the west side or the Co-
1onia site; (b) the north side projections, No. 2 and 2a; le) the 
east side projections, No. 3 and 3a; and (d) the south side projec-
tions, No. 4,oand l+b. 
order .. 
Each will be considered separately and in 
(a) COLONIA SITE. The co1onia .site (see map of the city, 
Vol. II) is favorably located for passenger terminals, being 1.8 
kilometers from the theoretical passenger center and 2.7 kilometers 
from the actual passenger center. The site is very unfavorably 
located for the freight business, being 2.6 kilometers from the 
centers or both and light and heavy freight. The site is favora-
bly located for both the nortl1west and sout:r1west pro,jections. On 
account of its unfavorable location for the freight traffic, and 
the probable cost of $3,300,000 for 1.2 kilometers of right of way 
from the Paseo de 1a Reforrna to the Calzada de Veronica, this site 
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needs only passing mention; and for reasons mentioned before in re-
gard to the Nationa1 1 s plans, the union passenger station possibil-
ities, and the objections to the railroads in the best residence 
districts, this site will not be considered further. 
(b) NORTH SIDE SITES.. There are two north side sites, one 
each for pro.:jections No. 2 and 2a, as shown at R and s, respective-
ly (see map of the city, Vol. II). Inas- rnuch as t11e lines No. 2 
and 2a merge before reaching the city limits, tney differ mainly in 
the two sites proposed for the terminals .. The line No •. 2 is pro-
Jected to a good terminal site without considering the item of first 
cost; while the No. 2a projection sacrifices good terminal sites 
for the cheapest first cost. It is not advisable to project the 
No. 2 line any fart}1er south on account of tl1e preoent railways and 
the manufacturing concerns tJ1at occupy this territory. The No. 2 
and 2a projections form tJ1e belt lines over which u1e east side pro-
j ect ions No. 3 and 3a ( see map No •. I, Vol •. II) enter from the west 
side of the municipality to the Calzada de Guadalupe .. 1'here ap-
pears to be no likelihood that the nortr1 side sites, No. 2 and 2a, 
will be chosen for terminal sites; theref'ore it was deemed advisa-
ble to J101d these project ions to economical belt-line property. 
Pro,1ection Number 2. The projection No. 2 holds north of 
the costly improvements in the co1onia Chopo district, and is pro-
,jected out of the municipality on the shortest 11.ne possible. The 
width of the right of way within the municipality on projection No. 
2 and 2a is estimated at 100 meters, to make a parallel case and a 
fair comparison with thA co1onia site. 
II The temporary tangent established on tr1e map (No. 1, Vol. II) 
may be broken, thus affecting a great saving by throwing t:rie west 
=-
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end north of the co1on1a Chopo district, and tne east end north of 
the Monte Alto station, Which is the terminus of 36 kilometers of 
narrow gauge railroad.. To 1ocate the projected tangent north of 
the Monte Alto station would introduce a grade crossing near both 
terminals and would consequently be very undesirable, very costly, 
and very uneconomical. The most satisfactory disposal o!' the Mon-
te Alto terminal seems to be to fuTnish them trackage and terminal 
facilities in the terminals reported upon, or to acquire the proper-
ty and abandon the site.. The latter suggestion concerning the 
holclings of the Monte Alto appears to be the more favorable, espec-
ially if the northwestern projections P and P' ( sec pages 4Bf,,48 ) 
in connection wi tJ1 the Mexico City to Morelia reconnaissance s110uld 
prove the most favorable and economical. 
Probable Cost of t}1e Right of Way and Damages on Pro,jection No.2. 
(a) cost from the Calzada de Guadalupe to Rio del 
Consulado $1,020,000 
(b) Rio del Consulado westward inside the Municipality 1,000,000 
( c) Damages to the Monte Al to terminals . . • . • • 250, 000 
( d) Damages to the existing improvements • • • 100, 000 
Total Probable Cost •. • $2,370,000 
In item (a) the cost per meter was assumed high, and the item 
(c) could be eliminated if the Monte Alto were furnished trackage. 
It is readily seen that the cost may be varied greatly by consider-
ing the minor points to be encountered on t11e projection and avoid 
them as much as possible. The total cost might not therefore be 
over $1,500,000, if the :present costly improvements were avoided. by 
introducing curvature in the projected line, and if the right of 
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way were bought or the opt ions taken with out the landowners•· find-
ing out the identity or the purchaser~ The estimate is based on 
the present values of realty, and they are said to be advancing 
rapidly on account of the union passenger station possibilities and 
the present factory boom in this vicinity. 
Projection Number 2a. The distinguishing characteristic 
of this projection is its cheapness without regard to the economi-
cal location of the terminal sites ( see map No. 1, Vol. •. II). The 
projection No. 2a lies north of the 1io. 2 pro,jection, and the tan-
gent of the former is so placed that it misses the Monte Alto sta-
tion and al~ of the improved lands in the Colonia Chopo district. 
The unimproved lands in tJ1is district are valued from $0.50 to 
$ 5. oo per square meter depending on their proximity to t}rn railroads 
and to the city; therefore the 2a projection passes through much 
cheaper realty. Projection No. 2 forms the belt line to the Cal-
zada de Guadalupe for the east side projections, No. 3 and 3a,Which 
will be discussed on pages 2q and .3/ 
To project the line No. 2 north of the Monte Alto railway 
station and the improvements in the Colonia Ct1opo district would de-
crease the cost from $2,370,000 for the No. 2 projection to $1,450, 
ooo for the No. 2a projection.. The minimum cost placed on the 
rigJ1t of way on the No. 2 projection was $1,500,000;: consequently 
the minimum cost to be placed on the No. 2a projection is $1,000, 
ooo. 
The objectionable features of the No. 2a projections are: 
( a1.) the forcing of the t ermina1s O. 4 kilometer farther northward,.. 
Which makes it uneconomical; and (b) the grade crossing of the Mon-
te Al to so close to the t ermina10 •. 
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The Colonia Site and the projections No. 2 and 2a are a11 
similar since the lines are on very 1eve1 ground_ and since they all 
cross tl1e Rio del Consulado, -- a stream 25 feet wide on the bot tom 
and three feet in depth below the normal surface of the soil. Like 
all of the small streams coming from the mountains west of the city 
and crossing the flat basin in which the city is located, tr1e side 
slopes or this river are supplemented with dikes, w11ich are carried 
to a height of eight feet above the normal surface of tl1e soil. so 
as to confine the water after large rains and keep it from overflow-
ing the city. The embankments required over t:tie Rio del Consulado 
on these projections can be constructed from this eight-foot fill 
down to a one-foot fill in as short a distance as the maximum grade 
will permit. 
Ei tJ1er pro,ject ion No. 2 or 2a can be easily connected with 
the belt line and therefore is accessible to any union passenger 
station that may be constructed.. The terminal site Ron the pro-
jection NO. 2 is 2.5 kilometers from the actual passenger center, 
and the terminal site Son projection 2a is 2.9 kilometers from it, 
as compared with 2.7 kilometers from the co1onia site and the Na-
tional passenger stat ion, and 2 •. l+ kilometers from the Mexican Cen-
tral station. The terminal site R is located 2.0 kilometers from 
the freight center, and the site marked Sis located 2.3 kilometers 
from it, in comparison with 2.3 kilometers from the National and 
co1onia sites, and 1.8 kilometers from the centra1 1 s freight yards. 
The terminal site R is located 0.7 kilorneter from the custom house, 
and the site s is l.] kilometers from it, as compared with 1.8 kil-
ometers from the Centra1 1 s freight house. If the Calzada de Peral-
villo could be moved southward to the north side or the Mexican 
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Railway terminal, this vacated site could be used as a freight ter-
minal and the distance from th.e freight center would compare favor-
ably with the National and the central sites. 
The most objectionable feature of the No. 2 and 2a pro-
jections and of the terminal sites Rand G is the lack of open 
streets connecting with the city. Unless additional streets are 
opened up to the sites selected, the stations would be practically 
cut off from the city by the freight yards of the Central, the Na-
tional, the Interoceanic, and the Mexican Railways. 
Short transfer tracks can be constructed to all tJ'ie main 
rai 1ways, thereby tapping the existing belt line for one 11a1f its 
length. . Sidings can be constructed to the heavy sl'1ippers along 
the National and Central lines as economically as from t:r10se roads.. 
(c) EAST SIDE SITES. Two projections No. 3 and 3a are 
proposed on the east side of the city. They use the north side 
pro ,j ect ions No. 2 and 2a from the Calzada de Guadalupe westward, 
thence in a southerly course to the Calle de Escobe11eria at a 
point 0.6 kilometer east of the zoca10 •. 
The estimate on the projection No. 3 is based upon the 
location or the passenger terminals on the aa11e de Escobe11eria, 
and the freight terminals, yards, shops, etc., in the northern part 
of th8 co1onia Diaz de Leon •. 
The estimate on projection No. 3a is based on Uie location 
or the passenger and freight terminals on the ca11e de Escobe11eria, 
and the storage, transfer tracks, repair tracks, shops, and yards 
in the co1onia Diaz de Leon. The projections No. 3 and 3a differ 
only in the proposed location of the freight house and the indus-
trial tracks, and the conseq_uent differences in the width and cost 
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of the right of way and the attending damages. 
Pro,jection NUmber ,2~ Tr1e projection No. 3 is a continua,.... 
tion of the North Side projections, No. 2 and 2a, eastward crossing 
the Calzada de Guadalupe with clearance from the Hidalgo and North-
eastern railroad stations, thence southward t11rough the Colonia 
Diaz de Leon to the proposed union passenger station on the Calle 
de Escobe11eria. If the proposed union passenger station does not 
materialize, the site can be used as a terillinal. A 70-meter Btrip 
of r igl1 t of way was assumed east of the Calle de Tega M idad and 
southward to the proposed station site on the Calle de Escobe11eria 
between the Calle de Moscas and the Calle de Pacheco. The right 
of way would include the Plaza, (park) de Mexcalco, a commons at the 
present time. The property between the Calle de Tega Midad and 
the Calle 2a is as fine a union passenger terminal as there is in 
the city. The site is 1.5 kilometers from the theoretical passen-
ger center and o.6 kilometer from the zocalo or the actual passen-
ger center. The improvements in this locality consist of poor 
huts, cr1ea:p stores, dirty markets, and filthy saloons, all of wr1ich 
are constructed of adobe or tepetate; and as this is the poorest 
and most squalid portion of tl1e city, the right of way and the at-
tending damages should be the cheapest. 
The strip of land between the Calle de Tega Midad and the 
Calle 2a, as well as a portion of the co1onia Diaz de Leon, could 
be bought for freight terminals; or other cheaper freight terminals 
not so advantageously situated could be located south of the Hippo-
drome de Pera1v1110 in the co1onia Diaz de Leon. 
The width of the right of way west of the Calzada de Guada-
lupe on the projections No. 2 and 2a was estimated at 108 meters,. 
ll 
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so as to be ample for terminals. A strip of right of way 50 meters 
in width should suffice west of the Calzada de Guadalupe, because 
on projections No. 3 and 3a the yards and terminals Will be con-
otructed east of the Calzada de Guadalupe. Revising the cost of 
pro,jections Nci. 2 and 2a by decreasing the cost of righ.t 01' way from 
the Calle de Guadalupe westward gives $1,185,000 for projection No. 
2 and. $675,000 for 2a, to be used in the Mo. 3 and 3a estimates. 
By reducing the width of the right of way to 30 meters and not con-
sidering the damage to the Monte Alto station, the minimum cost 
from the ca1z.ada de Guadalupe westward can be reduced to $750, 000 
for the projection No. 2 and $500,000 for pvojection No. 2a~ As-
:::mming a minimum cost of $750,000 from the Calzada de Guadalupe 
westward, and substituting the same in the estimate for Ho. 3 gives 
the ro11owing: 
ESTIMATED COST OF THE PROJECTION NUMBER 3. 
cost from the Calzada de Guadalupe westward ............ ~P750, ooo 
11 11 11 co1onia Moscas to Calzada de Guadalupe . . . 672, 000 
11 11 11 11 11 11 Calle de Escobe11eria •• 588,000 
Total cost .•.•....... #2,010,000 
The estimate on projection No. 3 includes a 70-meter strip 
of right of way in the Colonia Moscas and southward to the Calle de 
Escobe11eria, and if only a 30-meter strip is considered for passen-
ger terminals, the 40 meters saved there.by would buy 85 ac_res in 
the Hippodrome de Pera1vi110 neighborhood. The Nationa1 1 s freight 
terminals cover 100 acres, and the centra1 1 s only 60 acres; there-
fore if more than 85 acres is required in the freight terminals, as 
IL 
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much more as needed can be bought for $1. 50 per square meter. 
Projection Number 3a. As stated before, projections No. 3 
and 3a differ only in the sites chosen for the freight terminals~ 
Both projections No. 3 and 3a are continuations of the north side 
pro,jections lfo. 2 and 2a. on the pro,jedtion No. 3a both the pas-
oenger and freight terminals are estimated as being on the ca11e de 
Escobelleria. 
ESTIMATED COST OF THE PROJECTION NUMBER 3a. 
cost from the Calzada de Guadalupe westward .•.•••....•••• $750,000 
cost through the co1onia Diaz de Leon ..•.......•...•...•• 672,000 
cost from the Diaz de Leon to ca11e de Escobe11er1a ••••.• 1,32~,ooo 
Add storage, tracks and shops in Hippodrome de Pera1v1110. 250,000 
Total Cost ...•.•...•....... $2,997,000 
From the Calzada de Guadalupe southward a fixed charge of 
$3. oo per square meter was estimated for damages. 
(d) SOUTH GIDE SITES.. T:r1e two south side pro,jections l~.a .. 
and 4-b are shown on the map of the city (see map No. 1, Vol. II). 
The 4a project ion leaves the city on t:r1e shortest line possible, 
holding south of the co1onia Roma, through the Colonia Roma del Sur 
on the south side of the Avenida Jalisco, and thence west and oouth 
of the Chapultepec castle. '.l'he 4a and lj.b projections have the 
same terminal site, the i+a approaches the terminal site from the 
west and the 4b from the south. The 4b pro,jection holds south of 
the co1onia Roma del Sur and parallel to the Rio de la Piedad on 
the north, and thence is projected south of Tacubaya and west of the 
Chapu1tepec castle. The south side sctiernes are favorably located 
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for cor:nections with the southwest projection, and very unfavorably 
located for connections with the northwest projection. If the 
northwest pro,ject ion toward Morelia is reported the more favorable, 
trHm a loop around the city and a summit west of Chapultepec would 
be introduced to connect it with the south side pro,ject ions 4a and 
4b. 
The cost of a projection between Chapultepec Castle and the 
city would be excessive. The Colonia Rowa, co1onia Francais, the 
German, and the Spanish Colonies with their aspJ-1a1ted streets and 
boulevards, and tJ1eir expensive lands and improvements must ·be 
crossed on a J:irojection between Chapu1tepec and t11e city. An over-
head crossing of tl1e Paseo de la Reforma would be necessary, if in-
deed the government would consent to a crossing of the thoroughfare 
at all. Such a line must be elevated throughout; hence it is evi-
dent that the Cr1apu1tepec castle must be circled, consequently the 
4a and. 4b pro,jections and estimates are so calculated. 
COST OF THE 4a PROJECTION. 
ca11e de la Piedad to the Rancho de Hormiga •••...•...•• $3,120,000 
II II II If II " Calzada de la lJino Perdido . . • 2, 200, 000 
Calzada de San Antonio Abad to Calzada, de la Nino Perclido 1, 500, 000 
Add for damages 25 % •••••.•.•...••••...•.•.•••.•..••••• 1, 705>, 000 
Total Cost ••.••.•.... $8,525;,000 
COST OF THE 4-b PROJECTIOlI. 
cost from the Avenida 26 to the Avenida 50 •....•..•..• $2,800,000 
II ll II 
Add 25 % Damages 
11 50 11 Rio Tacubaya ..•..•..•..... 
••••••••••••••• 19 •• ~ .............. . 
•··••· Total Cost •....•.....• 
1,120,000 
1,080,000 
$5,000,000 
33. 
The projections 4a and 4b strike the hills west or the 
City of Tacubaya, hence to develop a line northward to the north-
west project ion would cause a loss o:t' clistance and an increased 
gradient.. If the southwest pro,jection should be reported more 
favorably, then trrn distance on the i+a and 4-b projections from the 
foot-hills to tJ1e surnmi t of the divide would f11rnish tr1e maximum 
length for the supported grade. A grade crossing of t11e Cuerneya-
ca branch of the centraI Railway ancl an expensive viaduct over the 
Mexico City -- Toluca branch of the National -- would be necessary. 
The 4a and 4b terminal sites have an air-line distance of 
1.3 kilometers from the actual passenger center, 1.7 kilometers 
from the freight center, and i+ kilometers from urn heavy freight 
center .. 
A belt-line connection would be necessary from the Avenida 
Orienta 48 to the Interoceanic Railway at the Puenta Maria Luisa. 
This connection, 4 kilometers in length, would cost $750,000, thus 
making the final cost of the 4a projection and its connection 09, 
250,000, and the final cost of the 4b projection and its connection 
~5·, 750, ooo. T:t1i s four kilometer connect ion may be eliminated by 
placing a cross-over switch at the crossing of the cuernevaca 
branch of the Central, thereby forcing the heavy north-side freight 
to loop the city on the south, west, and nort .h sides for a distance 
or 17 kilometers, which would introduce a yearly operation cost and 
transfer charge for 12 kilometers of freight service over the Mex-
ican Central Railway •. By constructing the east-side connection to 
the rnteroceanic Railway the heavy-freight transfer-distance would 
be reduced to eight kilometers, and a yearly transfer charge intro-
duced over four kilometers of track controlled by two railway sys-
11 
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terns .. 
COMPARISON OF THE SEVERAL SITES. 
It is proposed to compare the several sites for terminals 
in regard to: (1) their distance from the controlling points of the 
city, and ( 2) the cost of the right of way and the at tending darn-
ages inside the municipality. 
Gath2ring together the data in the preceding discussions we 
have Table A (page 35) which shows the average distances of the sev-
eral: existing terminals and of the oites selected for terminals in 
connection with this re;port, from the controlling points of the 
City •. 
Sites Recommended.. In the discussion of the various sites, 
the main features in favor or agH.inst each site have been enumerat-
ed.. The most important points in favor of or against each site 
will be collected in the following pages, so as to enable those in-
terested to reach the conclusions that the writer wishes to express. 
The conclusions of the foregoing discussion on the various sites 
will be separated into two divisions, (1) the probable union passer~ 
ger station, and (2) the terminal locations described in this re-
port and the sites recommended. 
(1) Possible Union Passenger Station. This subject hao 
been discussed on pages 15 to 19 in the ro11owing order, viz.: (a) 
Nationa1 1 s passenger terminal ; (b) Mexican Centra1 1 s terminal; (c) 
the Hippodrome de Pera1v1110; (d) the Gouth side sites; (e) the 
Peiion land lying east of the city; and ( f) the ea.st side sites No .. 
3 and No~ 3a. Each or these sites Will be considered in the above 
order. 
(a) ?he Nationa1 1 s passenger station is too small for a un-
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TABLE A 
COMPARATIVE DISTANCES FROM THE CONTROLLING POINTS OF THE 
CITY TO THE PRESENT RAILROAD TERMINALS AND TO THE SITES SELECTED 
Number 
of 
the 
Projec-
tion 
- - -= 
1 
2 
2a 
3 
3a 
4a 
4b 
4a 
4b 
Site Cost Distances in Kil ometerf from 
of 11~P-a_s_s_e_n_g_e_r ----..=-L-o_c_a-=-1- ::,....u_s....,.t_o_m_ I,_e_a_v __ y_ F,_r.....,'~t__,C,,....e-n- . 
or the Center v1a via 
Right FreigbtHouse Air Belt 
Terminal of theoretActual 
Way ical 
PRESENT •••• TERMINAL0 
1.7 
1.8 
I \1exican Centrj'l 
~exican National 
2.0 
I lexican Railway 
Interocenic 
Hidalgo and 
Northeastern 2.4 
Monte Alto 2.4. 
Mean Distance 2.1 
SITES REPORTED 
~ 
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ion passenger station, the surrounding property is too high priced 
to permit of its being enlarged to a suitable size for a union pas-
senger station, and it is not well located in regard to the actual 
passenger and freight centers~ 
(b) The Mexican Centra1 1 s site appears as a possibility; 
but it is too small for a union passenger· stc1t ion, in addition ta; 
its own freight, and besides it is not suitably arranged for the 
passenger business.. It is surrounded by high priced property and 
coulCl not be economically enlarged.. It is probable that the pres-
ent site will be used as a combined freight terminal, and another 
union passenger site located. 
(c) The Hippodromo de Peralvillo site is fairly we11 1ocat-
ed in regard to the freight center. The unimproved property is 
plentiful and cheap, bu.t th.e site 1acks open streets leading to it, 
and is practically cut off from the city by four freight yards. It 
also lacks facilities for the transportation of passengers to the 
site. This site is a possibility, yet it is not the best location 
to be round in the city. 
( d) 'l'he south side sites are well located in regard to the 
passenger center, but are very poorly located in regard to the 
freight cent er and the custom house site.. J?urtherrnore all of the 
main trunk lines will necessarily loop the city through very high 
priced property to reach these south side sites, therefore makes it 
likely that these sites Will not be cJ1osen for union passenger sta-
t ions .. 
( e) Penon Land .. This land is favorably located it some 
respects, but is too far from the passenger center for a good union 
passenger station site. The east side is easily accessible to all 
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the trunk lines, and consequently appears to be in th(~ logical part 
of the city for a union passenger terminal, except that it is 1oca~ 
ed too far from the central part of the city. The union pass,enger 
station Will be located on the east side as near to the Zoca10 as 
possible. 
(f) East Side 3ites No • . 3 and No. 3a •. These sites are in 
the best location for a union passenger station of any exrunined in 
the city or of any reported herewith. The union passenger station 
will no doubt be located on this side of the city and in this im-
mediate neighborhood •. 
(2) Terminal Locations Described in this Report and the 
Sites Recommended~ The sites reported upQn Will be considered in 
the order discussed in the preceding pages, viz.: (a) Colonia. S:ite; 
(b) North Side Sites No. 2 and 2a; (c) East Side Sites No. 3 and 3a; 
and (d) the south Side Sites No. 4-a and 4b. 
(a) co1onia Site •. This site is too expensive, and at the 
same time railroads are not desired in this locality. The site is 
well located in regard to the centers of passenger and freight bus-
iness .. 
(b) The North Side Sites No. 2 and 2a are favorably locat-
ed in regard to the freight center, fairly well located in regard 
to the p;:i,ssenger center, and the sites are very cheap. '.f.'hey are 
inaccessible however, being cut off from the city by four freight 
yards. The lines can be thrown so as to miss the expensive im-
provP-mcnts and can be used as a part of the belt line for the pro~ 
,ject i.ons No. 3 and 3a .•. This part of the city should not be chosen 
for terminal sites. 
l_ (c) The East Gide Sites No. 3 and 3a are the best located 
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for the passenger business, and hence would make a good union pas-
senger station site. A siding can be placed within 0.2 kilometer 
of the custom house. The No. 2 and 2a pro.jections can be easily 
connected with the existing belt line and most of the heavy freight 
in t ·he co1011ia Cho po di str 1 ct. A suburban or intercepting stat ion 
can be placed at the crossing of the Calzada de Mixtutla or at the 
Calzada de Tlaxpana, so as to intercept t:tie paosenger and freight 
business from Tacuba, Atzcapotza1co and T1a1nepant1a. The cost of 
the east side projections can be held below that of the norti1 side 
site No. 2 by placing the freight terminals in the co1onia Diaz. de 
Leon neighborhood. The east side is endorsed for a terminal or a 
union passenger station for the various reasons described hereto-
fore. If the freight houses, industrial tracks, and the passenger 
stations are placed on the Calle de Escobe11eria, this station site 
would be the most economical and the best located of any in the 
City•· 
( d) The south Side Sites 4a and lJ.b are from two to three 
times more costly than the east side sites, are very badly located 
in regard to the custom house, Urn l)el t line connect ions, and are 
8 and 17 kilometers respectively from the J1eavy freight center, de-
pending on which connection is constructed. They are not as well 
located with reference to the actual center of passenger business 
as projections No. 3 and 3a. Hence they nave nothing to commend 
them, and are from an economical standpoint the worst sitea of the 
seven considered. 
II. LINES FROM MEXICO CITY TO MOHELIA. 
TJ1 e reconnaissance from Mexico City to Morelia was started 
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the 18th day of July and completed the 15tr1 day of tl1e following 
October. To perform this, reconnaissance six trips were made be-
tween termini on as many different routes, and two extra trips were 
made in sucJ1 a way as to cross-cut and tie togetJ1er t .he various 
projections, for the purpose or ascertaining the resources of the 
entire otrip of country investigated and to locate any feasible 
passes over which side projections could be run from one main pro-
jection to another. From the nature of this reconnaissance and 
the metr1od of making the survey, it can be classified as a recon-
naissance of the Class II (see page 1). 
CONTROLLING FEATURES. 
The country examined first was that ad,jacent to the air 
line between the termini. After a study of the topographical feat-
ures and the geological fornrn.tion of the country, and after an ex-
amination of the available maps, the most important features con-
trolling the projections were round to be two: viz •. , (a) the forma-
t ion of the country; and ( b) the grades and curvature on trie lines 
now operated in this zone and those feasible on the proposed line. 
(a) FORMATION OF THE COUNTRY. The country between Mexico 
City and Morella presents two divides, over or around which all of 
the routes must be pro.jected. These two divides are (1) the con-
tinental divide between the Atlantic and Pacific Oceans and (2) the 
divide between the Santiago River (flmving to the northwest) and 
the Ealsas River (flowing to the southwest). As the country adja-
cent to these two divides is very rough and mountainous, any econom-
ical line must keep away from this locality as far as possible. 
These divides have their peaks and. hog-backs so lined up and over-
lapped in the north and south direction as to form the most serious 
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obstacles to economical projections. 
11 ( 1) CONT I:NENTAL DIVIDE•· T.r1e continental di Vide and the 
divide betwP-en the Balsas and the Santiago Rivers unite at the Sal-
azar Peale. The continental divide extends in a northwesterly di-
rection from the Salazar Peak to tr1e Las Cruces Peak. The Jilote-
pec hog-back or ridge extends to the northward from the Las Cruces 
Peak, and the continental divide extends to the westward. The two 
topographical obstacles in the way of a pro,jection over the conti-
nental divide are the Salazar Peak ancl the Galazar Hog-back. 
II ( a) Salazar Peak. 1'his peak lies about 40 miles southwest 
of Mexico City, between Salazar s tation on the Uruapan -- Mexico 
City branch of the National and the surmnit of the cuernevaca braneh 
of the central Railway. It is bounded liy trie Montezuma drainage 
on the northeast, Santiago or Rio Lerma on t11e northwest, and the 
Balsas River to the south and southwest. This peak forms a cocked-
hat construction, always prevalent at c.rianges of geological forma-
tion, and makes a pocket or partial loop in tl1e divide .. 
( b) Salazar Hog-back.. This ridge extends northward from 
the peak along the continental divide to the Las Cruces peak in the 
II neighborhood of the earn po Nuevo Gap. From the Carnpo Nuevo Gap the 
ridge drops off to the mesa lands at the headwaters of the cast 
fork of the Tula river at the towns of N('pala and San Juan del Rio). 
From the mesa lands nortJ1ward the hog-back recedes gradually. Hence 
the farther northward a line is forced toward the main line of the 
Central and National the lower the summit, the flatter the maximum 
gradient required, and the cheaper and more economical trrn line •. 
The continental divide continues nortJ1ward from trie Las Cruces peak, 
but inclined to a greater angle westward. 
,, 
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(2) THE SAffTIAGO AND BALSAS DIVIDE. The divide between 
the Santiago and the Balsas Rivers extends westward from the Salazar 
:peak, but its course is very crooked (Gee maps No. 2 and 3, Vol. rr). 
The decided changes and :pockets in the divide are caused by the 
peaks or cocked-hat constructions and the hog-backs or ridges. Up-
on investigating the country contiguous to this divide between Mex-
ico City and Morelia, there are found to be three peaks and two 
hog-backs: viz., (a) Toluca peak; (b) tJ1e Angangueo peak and hog-
back; and (c) the San Juan peak and hog-back. 
be discussed in order~ 
Each of these WilL 
(a) The Toluca peak is located on tJrn divide between the 
Santiago and Balsas Rivers, at a point about 75 miles west or Mex-
ico City and 15 miles southwest o.f Toluca. This peak is located 
on the headwaters of the west fork of the Santiago River.. The 
Balsas river is on t}1e soutJ1 and the Victoria river ( north fork of 
the Balsas river) on the west. 
(b) The Angangueo Peak is situated in the apex (or at a 
decided change in direction) in the Balsas -- Santiago divide at a 
point i+o miles southwest of El Oro and about 50 miles nortJ1west of 
Toluca. The Balsas river lies to the southeast, southwest, and 
northwest of the peak, and the Santiago river to the northeast •. 
The Angangueo hog-back or ridge extends northward from the 
peak toward El Oro, where it drops with precipitous slopes from an 
elevation of 2900 meters into the Tultenango canyon. The Uruapan 
Mexico City branch of the National is located as close to the north 
side of th.e canyon as economical construct ion will permit .. 
(c) The San Juan Peak is situated in an apex (or a decided 
change of direction) in the Santiago Balsas divide at the headwaters 
IL_:_ 
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of the Rio Grande fork of the Balsas River. The peak is situated 
southwest of Maravatio, northeast of 1vrore1ia, and southeast of A-
cambaro. The headwaters of the Rio Grande lies to t.J1e southeast 
and southwest of the peak, the Dos Rios draining into Lake CUitzeo 
on the westward, and the Santiago River to the noru1ward and east-
ward .. 
The San .Juan hog-back extends from tne San Juan peak north-
ward toward the city of Acrunbaro on the National Railway. J?or a 
line of flat gradients to pass over the hog-back, the projection 
must be forced northward to within seven kilometers of Acarnbaro. 
GRADES AND CURVATURE. 
Most of the railroads entering Mexico City from the north 
0 
and west have maximum grades of 1 % and maximum curvature of 6 • 
The main lines of ttie National and Central Railways from Gonzales 
Junction and Celaya, respectively, to the City of Mexico are con-
structed with 1 7o maximum grades, except tr1e central Which has 1.5 
% grades northbound. The Uruapan -- Mexico City tiranch of the 
National (narrow gauge) has maximum grades of 4- % on the mountain 
section and 2 % on the remainder. The 2 % sections are relocated 
and construction is progressing on a standard gage line with 1 % 
.maximum grades. 
In view of the competing 1 o/o lines now in operation into 
the city of Mexico from the zone of the proposed line, it would not 
be good policy to assume a maximum grade greater tJ1an 1 %, nor a 
maximum curvature of over I' 0 0 • There will be two projections re-
ported upon, one with a 1 fo maximum grade, and the other with a 2.3 
% maximum. Since it is improbable that the I.lroposed line will be 
% built on a 2.3 maximum grade, the report will be more specific and 
" 
at greater length on tl1e 1 % maximum grade and the 6° maximum curv-
ature. 
ROUTES CONSIDERED. 
After making six reconnaissance trips across the country be-
tween Mexico City and :Morella and two trips to tie up the various 
reconnaissances, it was deemed advisa~le to report upon two of the 
most feasible routes,. selecting a <lifferent maximum gradient and 
curvature for each. The first projection P and its side projec-
tion P •· covers the most ava:i lable territory nearest to the air line. 
This projection has maximum grades of 2.3 % and maximum curvature 
of 8°, is the shortest line, developed at excessive cost, high max-
imum gradient, excessive rise and fall, and into country in Which 
a dearth or freight business will result from the encroachment up-
on the existing lines. The second projection A with its side pro-
jections A', Aa, Ab, Ac, Ad, and Ae covers the most economical 10-
cation, hr1.s the flatter maximum gradient, and the best business 
territory, but is over i+o kilometers longer than the P projection .. 
There are numerous passes over which lines can be run to connect 
the two different projections {see maps No. 2 and 3, Vol~ II)~ The 
two projections, {l) the high line P and its side projection, and 
R (2) the 1ow line Aand its side projections will be discussed in or-
der. 
HIGH LINE PROJECTIONS P AND P•. The P and P' projections 
were chosen for a report on account of their directness, distance 
being favored at the expense of excessive gradient, curvature,, and 
rise and fall •. The maximum grade on tr1ese projections is 2.3 'f;, 
and the maximum curvature is 8° •. These projections are as near 
the air line between :Mexico City and Morella as the maximum grade 
and the topography of the country Will permit~ The estimated cost 
of grading and bridging on this projection is $33,443,500 (see pro-
file No. I, Vol. II, and the summary of cost on page 48 ). The cor-
responding cost of the P and pt projection is #33,102,000. The p 
line is the main projection, the east end of Which (between kilome-
ters 200 and 350, Le •. , from the Santiago river to Mexico City) 
holds south of the Las Cruces peak, through the Las Cruces pass, 
and thence eastward into the city by developing distance enough on 
the east side of the continental divide to make a 2.3 % maximum 
grade possible. The P • project ion branc11es off from the main P 
projection at kilometer 200 close to rxtlahuaca, and holds north of 
the Las Cruces peak, and develops in a southeasterly direction into 
Mexico City on a 2.3 % supported grade.. The P and P" projections 
may be fo11owed by referring to maps No. 2 and No. 3, Vol. II. For 
reasons described above, these projections will not be discussed in 
detail. 
The rise eastbound on the P projection is 1838 meters and 
on the P and P' projection is 1529 meters, While the fall eastbound 
on the P projection is 1378 meters and on the P and pt· projection 
is 1523· meters. · These figures may be reduced by eliminating the 
adverse grade where possible, to a minimum rise eastbound of 1048 
meters and a fall east bound of 734 meters.. The corresponding rise 
eastbound on 292 kilometers of the National and Central Railways is 
1059 meters, and the corresponding fall eastbound is 559 meters. 
Railroads in the P and pt Territory. There are five dif-
ferent railroads in the P and P' territory, and one railroad is 
crossed two times; hence there are six crossings. Three of the 
railroads r1.re para11e1ed for long distances, and two of the cross-
ings are made with a very small angle of intersection, hence direct 
competition with these roads is introduced and the freight receipts 
consequently reduced. The following lines of railway are crossed 
and come into direct competition with tJrn P and P' projections: (a) 
Uruapan -- Mexico City Branch of the National Railway;: ( b) Michoa-
can and Pacific; ( c) El Oro Mining and Milling Company; ( d) rxtla-
huaca, Maria and Nijini ;· and ( e) Monte Al to narrow gauge railway .. 
(a) The Uruapan -- Mexico City branch of the National par-
a11e1s the P projection for the first 40 kilometers; and therefore 
the best to be expected in this distance is a division of the busi-
ness. This line r11so crosses the .P pro,j ect ion close to rxt lahuaca 
on kilometer 200 at an angle of 30°, thereby dividing the business 
on 30 kilometers of the P projection •. 
(b) The Michoacan and Pacific Railroad is a branch of the 
National Railway extending from Maravatio to Zitacuaro, and crosses 
the P projection on the continental divide at a point 30 kilometers 
south and 160 meters above Maravatio. 
(c) The El Oro Mining and Milling Company's railroad is a 
short standard gauge mining and logging road extending from Tulte-
nango, on the Nat1ona1 1 s narrow gauge, to Yondese, a distance of 47 
kilometers. The surveys are made and 15 kilometers are under con-
struction toward Del Rio; and conseq_uently this road makes a partial 
1oop around 40 kilometers of the P projection. 
( d) The Ixt1aJ1Uaca, Maria and lHj ini Tramroad, 45 kilome-
ters in length, parallels the P projection from Ixtlahuaca to Campo 
li[uevo ( kilometers 200 to 245,). This road has been constructed 
about 15 years, and has cut and disposed of all of the available 
merchantable timber~ 
(e) '.l'he Monte Alto Railroad, a private narrow gauge JLine,. 
parallels the P projection from San Pedro and Progresso Haciendas 
to Mexico City, a distance of 36 kilometers. As the interests 
owning the railroad also own or control the agricultural lands, 
there appears to be but little business here for a foreign line. 
This line might be purchased, but if it is acquired the grade and 
alinement must be reduced and revised before it could be used as a 
trunk line •. 
Business on the P and P 1 Projections. The P and P 1 projec-
tions are in other rai1road 1 s territory for a distance of 215 kilo-
meters in a total length of 347 kilometers; hence a division of the 
business is all that could be expected •. 
'rhe 1oca1 passenger business would not be as great on this 
projection as on the low line projections, for most of the people 
live in the agricultural districts, and there is very little agri-
cultural land in tne higher country~ 
The freight business can ·be divided into three c1asseso:. ( a) 
mining; (b) timber;· and (c) agriculture. 
(a) Mining.. There is a poor prospect for another railroad 
in the mining field~ The projections pass through the El Oro and 
Angangueo mining camps, both of vmich have railroads at the present; 
and the outlying districts could be more easily reached with branc~ 
es from the existing lines than from the P and P 1 projections .. 
(b) Timber. The little available timber on tne P and P' 
projections should not be very much of an inducement to another 
railroad. The divide between the Balsas and the Santiago Rivers 
is well wooded with merchantable pine (bull, white, black and yel-
1ow) above an elevation of 2700 meters s. L.B. M. There is red 
oak, White oak, fir, spruce, tamarack, hemlock, and white pine a-
bove an elevation of .3000 meters s. L •. B. M., and up to the snow 
line. The P projection passes througJ1 this timber on the San Juan 
and Campo Nuevo Gaps, and is close to it on the Angangueo hog-back. 
Most of the available timber has been cut off of the Campo uuevo 
Gap country by the Ixt lahuaca, Maria and Ni j 1111 tram-road.. The 
timber on the Angangueo hog-back country is in the territory of the 
El Oro Mining and Milling company however, and as tl1ey own or con-
trol all of the available timver to tl1e southwest, another railroad 
is not wanted or needed. The San Juan Gap country r1as fine t im-
ber, but as it can be more easily reached by a l1rancr1 line from the 
summit of the Micr10acan and Pacific Railway, this railroad l10lds 
the key to the situation~ 
summary of the cost of the P and P •· Projections. Trie P and 
P' pro,jections are located nearest to the air line between termini, 
and have maximum grades of 2.3 % and maximum curvature of 8°. In 
the estimate of the cost of t:tie P and P •· lines fo11owing, a right 
of way and damage amount or $3,000,000 was considered according to 
the estimate submitted (see Mexico City terminal, No. 3 and No. 3a, 
pages 30 and 31). 
LOW LINE PROJECTION A AND SIDE PROJECTIONS A1·, Aa, Ab, Ac, 
Ad, and. Ae.. The 1ow line projection A and the side projections 
A', Aa, Ab, Ac, Ad, and Ae, sacrifice distance for decreased cost, 
1ess curvature, and flatter gradients.. This projection makes a 
long detour north of the air line between Mexico City and Morella, 
and passes through the best country for a trunk line railroad. 
This pro,jection holds north of the San Juan peak and crosses the 
san Juan hog-·back in the foot-hills near the Santiago River. The 
COl.iPARISONS AND SU:lfMARY OF COST .a, 
Different Grades Kilometer 0--65 Kilometer 85--Kilometer 
to 
Kilometer 
1% Grades 1.6% Grades 2 . 3'%Grades 0 . 6f Grades 
OF 'IHE 
i<:11 . 0 to 8,000,000 t 3 , 868 , 000 t2,7,:,9,500 
160- 215 
" 215- 315 
"315 - - 344 
Add Right of Way 345 Kilometers 
Add for track, sidings , fences , terminals,station 
\7ater-rervice, tel egraph, signals ,rolling stock&--
Add 10% for bngineering and Supervision 
TOTAL COST OF P LINE 
PROJEC7ION 
t°l3 , 820 , 000 
---------- COST OF THE P I PROJECTIOJ - ---
Cost of P Line Xilom ter O to 200 
K11 , 200- 281 
281:: 350 
Ad: 350 Kil om tere Right or Way 
Add for track,aidings , f'flnces,ter minals , stations , 
water - service, telegraph, signals , and rolling-a toe 
Add lOf f'or engin eering and aupervi a ion 
Total Cost of P' Line 
!t6,45o, ooo 
.a, Value of money on which the estimate is baaed is $1.00 Silver=8.sa 
OF THE p AND P' PROJECTIONS 
Cost 
Fal l per 
r ade 
~astbound Kilome ter 
.... 6 , 100 , 000 3 , 868 , 500 2 ,7ZR , 500 
6 , 450, 000 3,820,000 3 , 820, 000 
6 r:'25,000 A, 225, 000 6,225, 0,JO 
3 098 500 3 998 500 3 , 008 , 500 
11 , 750 , 000 ll,7[0,000 11 , 750,000 
4 G85 000 4 685, 000 
1, 380 , 000 1,380,00 
8 , 625, 800 8 , 625 , 80 
4 , r:n,200 4,231 , 00 
1828 •52 , 541 , 200 $ 47 , 679,700 134,900 
ha , 313,500 
6 , 573 , 500 
10 , 2li. , OOO 
1 ,400,000 
8 , 750 , 000 
4,400,000 
1987 47,652 , 000 167~ 136,150 , 00 
A, line lies north of the Angangueo peak and hog-back, the Toluca 
peak, and the Salazar peak; and crosses the Salazar hog-back at the 
junction of the continental divide and the mesa lands at the head-
waters of the Tula River.. It keeps oµt of the territory of otrier 
railroads as much as possible, and tram kilometer 165 to Mexico 
City the line is in the center of the strip of country between the 
main line of the Mexican C:entral and the Mexico Jity -- Morelia 
branch of the national Railway.. This pro,jection is made on a max-
imum grade of 1 % and a maximum curvature of 6°. The various 
lines will not be described in detail, but the meanderings of the 
various pro,jections are shown on maps lifo. 2 and 3, Vol. II.. The 
main projection A is used as a base for all of the side projection~ 
the Aa line is a supplementary projection between kilometers o and 
109. The Ab, Ac, Ad, and Ae lines are projected between kilome-
ters 19~ and 267 so as to enable the cost of lines of flatter grad-
ients to be determined; and the A•· projection is an alternate line 
between the continental divide and Mexico City. 
Comparison of trie Various Side Projections. Between kilo-
met ers 20 and 10~ on the A projection is a side projection designa~ 
ed Aa, which holds west of trie A projection and connects with it on 
kilometer 109; and consequently is 3.6 kilometers longer. The Aa 
projection has many bad features, viz .• :: ( 1) an increased cost of 
$21, 500 ;· ( 2) one bridge four kilometers in length across Lake Cui t-
zeo; (3) two extra crossings of the uruapan -- Mexico City branch 
of the National Railroad; (4.) a position parallel to that branch 
for a distance of 40 kilomAters, one half of which is on supported 
grade; (5) a minimum fall of four meters and a maximum fall of sev-
en meters more than the A pro,j ect ion. The ::mpported grade parallel 
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to t11e Uruapan -- Mexico City branch of the National, mentioned in 
number i+ above, Will be in close quarters; and an extra high con-
struct ion and damage cost would be introduced by tJ1e different rates 
of the maximum grade used on tJ1e two lines. The A projection cov-
ers the best and cheapest location at all points. It is fare-
nough from the uruapan -- Mexico City branch or the National to a-
void conflicts, and also to control a freight territory without di-
rect competition with the existing line. This projection is 1ocat-
ed on the most advantageous ground to intercept the busineoo from 
the San .Juan timber district, and for a probable branch line to 
this business .. 
Two pro,jections, both of Which are on easy ground, are 
feasible between kilometers 125 and 160 of the A projection, one an 
0.8 % grade and the other a 1 % pro,jection •. The coot of the 0.8 % 
projection will excee~ that of the 1 % projection by at least 15 %, 
and the length will be increased by 10 %· · The 0.8 % projection 
wil l force a higher crossing of tr1e Santiago IUver, and tl'1roughout 
th.e line will require t11e maximum support, except at the siding 
sites one kilometer in length and ten kilometers apart, on which 
the maximum grade will not exceed O. 5 7b grade. ., 'l'he O. 8 ro grade 
is recommended between kilometers 125 and 160 for an economic 
freight line •. 
Two crossings of tr1e Santiago IUver may be eliminated be-
tween kilometers 160 and 178 on the A projection by holding the 
line on the west side of the river, thereby eliminating all adverse 
grade and two expensive bridges across the Santiago River.. This 
, l pro,jection should have a maximum grade not to exceed 0.8 50, the cost should not exceed that of the A line by over 10 %, and the 
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distance should not exceed tJ1at of the A line by 15 fo. The 0.8 ojo 
projection is more economical considering tr1e freight traffic, and 
1ess economical for the passenger traffic. The A projection could 
be reduced to an 0.8 % line over practically the same ground by in-
creasing the cost of the A line in this distance by 20 °/o, and in-
creasing the curvature by 10 %; and if tr1is scheme proves feasible 
it should be adopted. 
'l'here is a 1ow pass located west of the :Molino mil:ls at 
an elevation of 2400 meters s. L.B. M. The country east of the 
pass has a gentle slope to tho eastward and would be easy to ap-
proach, the only bad feature connected theJ?ewith being the adverse 
grade •. 'l'he country west of' th.e pass is rough and precipitous, and 
the topography would force a lower crossing of t:rrn Santiago river 
on the west with 1ess di stance for the support •. Hence the propo-
sition was not ex,unined in detail. The distance on the A projec-
tion from a point opposite the Molino Mills to the Santiago river 
A 
crossing is only sufficient for an 0.8 ro supported grade; hence a 
shorter distance on Whic:r1 to support a line in a rougher country 
can neither be cheaper nor more economical. 
The 1 % line between kilometers 178 and 198 can be re-
duced in easy country to an 0.8 % supported line with a probable 
increase in length of 10 % and an increase in cost of 15 7~. 
Between the Lerma pass on the continental divide at San 
Pablo (kilometer 198) and the Tula -- San Juan summit at the Arroya 
Zarco Pass (kilometer 267), the line drops into thG San Juan drain-
age. some of this country is extremely difficult. From the San 
Pablo Pass to the Geronomo arroya is easy country, and east of the 
mouth of the Arroya Zarco, from the Hacienda de Arroya Zarco to the 
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A:rroya Zarco Pass is very easy country. This strip between kilo-
meters 198' and 267 is similar to the country between Tequesquite 
and Portzuela Gaps on the line west of Guadalajara, but does not 
equal it for roughness or in the probable cost of the line. The 
1 6/o line between the Lerma and the Arroya Zarco Passes through the 
Hacienda de Arroya Zarco , should be the c11eaper in regard to 
the first cost, but a very expensive line if the values of the ad-
yerse grade and the extra distance are considered.. Four projec-
t ions Ab, Ac, Ad, and Ae are s:r1own for this country ( see maps No .. 
2 and 3, and profiles No. 2 and 3, Vol .. II), and each should be 
carefully investigated with side reconnaissances and preliminaries 
before deciding as to the most economical line. The profiles on 
these pro,jections are self explanatory, and an estimate on any com-
bination of grades may be approximated. 'rhere should be a prelim-
inary line run on more nearly t11e air line between the Lerma and 
the Arroya Zarco PasBes, so as to eliminate the 100:p northward 
through the Hacienda de Arroya Zarco.. TJ1is projection should be 
carefully investigated before a line is definitely located. 
Two :pro,jections A and A•·, were considered between kilo-
meters 267 and Mexico Clty •. The A line crosses the Jilotepec hog-
back in the Chapa Mota Pass at approximately the same elevation as 
the Arroya Zarco Pass, and develops toward the city on as nearly an 
air line as possible, to avoid adverse grade southbound. Tr1e A 
line supports on the south slope of the Jilotepec Arroya to E:IL Sal-
ta station on the Mexican Central Railway, thence parallels the 
Central: and National on t.he west side thereof to within ten kilo~ 
meters of the city, tl1en crosses to the east side of tJie two rai]l_-
roads to connect with the terminals as reported (see report on 
I 
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Mexico City terminal, lines l'fo. 2, 2a, 3, and 3a) •. The A line 
from the Chapa Motai Pass to Mexico City avoids adverse grade below 
the city datum •. There Will be 25 kilometers of very heavy con-
struction on the A projection, the cost of which may be prohibitive. 
The A•· line is longer and has adverse grade southt>ound into the 
city. Both the A and A• pro,ject ions have very interesting devel-
opment, and the choice or routes to be considered by using contin-
uous or broken support, and adverse or no adverse grade gives a 
great l~titude for the location of the line. 
Spur A has four bad features: (1) probable excess of cost 
of $205,000; (Z) probable lengthening of 15 kilometers over the A 
projection; (3) eighty eight meters of adverse grade into the city; 
(4) parallels the two existing lines from El Salto station to Mex-
ico City througJ1 improved lands and city property, thereby neces-
sitating greater cost of right of way and damages, sacrificing a-
lineruent, and causing a dearth of freight receipts in this distance . 
The country over which the two lines pass is very decer 
tive; and while the estimate favors the A proposition by $205,000, 
there may be four or five arroya crossings close to El Carbon on 
the A projection that might render it impracticable. Bot:r1 lines 
l should be thoroughly developed before a final location is made. 
11 Business on tr1e A projection •. The firot 120 kilometers 
east of Morelia :parallels the uruapan -- Mexico City branch of the 
National Railway, at a distance not to exceed 15 kilometers from it. 
In the first 50 kilometers the A projection intercepts the freight 
from a good agricultural country lying west of the existing rail-
road. From kilometers 50 to 100 th.e business from the San Juan 
mountain is intercepted, and the line is very favorably located for 
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future spurs to the San Juan timber district.. From kilometers 120 
to 230 the projection crosses the present railway and swings north-
eastward to about midway between the National''s branch and the main 
line of the Mexican Central, then swings eastward between kilome-
ters 230 and 360 practically paralleling the Central at a distance 
therefrom varying from 20 to l~O kilomet~rs. Between kilometera 
230 and 360 the projection intercepts the timber, charcoal, and min-
eral from the mountains, and the produce from the ranches and haci-
endas. From kilometers 360 to 393 the projection para11e1s the 
Monte Al to Railway at close range t.r1ereto, and as a consequence on-
ly one half of the business could be depended upon. If the Monte 
Alto holdings could be acquired at a reasonable figure, that would 
seem to be the logical thing to do, and the cost when comrJleted 
would no doubt exceed the cost of the A line in the same distance, 
as t:r1e existing line would need revising throughout for trunk line 
purposes.. The greatest advantage of acquiring this road would be 
to reduce the competition. 
After a study of the topographical features of this coun-
try between More11a and Mexico City and. U1e location of the bulk of 
the business, the fact is evident that a trunk line must be located 
economically for through business; t:r1en if ti1e proportional buoi-
ness does not reach the line, branch lines must tle built to tap the 
bulk of the business; or obtain it trirougl1 traffic arrangements. 
Any trunk line touching trie mining and timber business can not be 
economical, since from the geological nature of the country this 
business is centered only in the higJ1er altitudes, wr1ere excessive 
gfadient and curvature are necessary. 
ll~ The Most Favorable Route between Morelia and Mexico City 
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appears to be the one that will reach the Santiago river drainage 
as quickly as possible, fo11owing the same to the Lerma or San Pablo 
Pass on the continental divide, thence following one of the four 
scheme& projected to the Chapa Mota Pass, thence to Mexico City ov-
er the shortest, cheapest and most economical route t11at can be de-
veloped. 
Estimated Cost of the Various A Projections. The A line 
and its side projections A', Aa, Ab, Ac, Ad, and Ae cover the long-
er, flatter, and tl1e more economical routes. The A and A' projec-
t ions have ruling gradients of 1 %, while the side projections Aa, 
Ab, Ac, Ad, and Ae have gradients ranging from 0.5 % to 1 %· From 
the following estimates any combination of grade, curvature, and 
rise and fall can be approximated. A $3,000,000 right of way and 
damage allowance in Mexico City is estimated in the following detail 
cost sheet of the A and A' projPctions. 
,, 
DETAILED COST OF THE A LINE WITH THE Aa Ab Ac Ad An AND A' PROJ. CTIONS 
Kilometer A Ljne Cost UH P,ren uracies on .::ian .Juan tt.1 ver Cost Pomparisor ~os t-Chape. i.:.o ta to TOTAL co:-to 1% Grade 
Total ) COST .:exico Ci tv 
Kilometer A+Aa A + AbLirn A+Ac Lin, A+Ad Lin MAe Line A + A I Fall Pf' Length per 11<, tzrade 
a . a% Grad, o.s%(lrad e Maximum 
Line Line 
'rILOMETER 1% Grade with s:~:~~5F Grade LI~ter1.., Ulometer~ lno advers adverse westbound 1% 
O to 25 ~ 500 ,ooc ~ 500,00( 
Aa-25 tolO~ :;1s4,00C I 
25 to60 722,50C ~+Aa 247 109, 00 
60 to 105 1,440,00( IA 240 · 105.4 j 
Total ~';662,50( ~2,G84,000 
105 to lSn ~227 ,00( 
180 to 200 600,000 
20< to 265 2,175,00C ~7,684, 500 t?,814 ,000 ,&114 ,500 fs,4ag , ooo o7,C6~50o . 
265 to 350 4;825,00C 4,8C5,000 4,825,000 4;825,000 4,825,000 4,45qooo 
350 to 397 5p35,00C qo'7c,ooo ~0"5,000 qo35 , ooo sp35,oo0 
350 to 410 5jll5;l00 
Total 17,524;00C .,17,524;500 tl?,674,500 17,974,500 18/~49, 500 C 44 , 600 f13,062poo )12,W~50 ~1~004,500 $19,57950( '17,5?4500 
393 Kilometers Right of' Way t 49 , 312 
410 Kilometers Right of Woy ~ 9,825,000 9,825,00( 1,640,000 {, A 393 393} 9Jl2q000 9,82~000 ~ 48,360 
::'.93 Kilom~ters of' track, sidings, A t A' 410 
stations ,f'ences, terminals, signals, 
water-service, tqlegraph & 
410 Kilmmeters Do 0,250,000 
Add 10% for engineering anJ eupervis~1on 
3,000,000 
non<) 150 2R09.l50 si:oonooo ?A9?15Q 
Add for ._exico City terminals 
s.noaooo 3nonooo 
3,000.000 
snoo 000 snQMOO 
Add f'or passenger and f'reig.ht a't.at.1.o~s in 1 500' 000 500,000 500,000 50()000 500,000 
Mexico City 
'l'OTAL COST esf\316,500 3q463,650 $3q7G3,G5C 36,246,500 
~6,15~500 ! 80 , 950 
-i:- This eetime.te is based on silver $1 . 00 of which equals ~ 0. 50 gold 
- - -· .. 
III. LINiE FROM MORELIA TO GUADALAJARA. 
The reconnaissance survey from Mexico City to Morella had 
been completed and the terminal site in More1ia was being investi-
gated when orders were received to proceed 11 poste haste" to Guada-
1a.jara . . Further vrnrk on t:rie Morella terminal site was abandoned, 
freight schedules and connections were investjgated,and the time re-
quired to ship the equipment to Guadalajara waiS found to be as 1ong 
as an overland trip. Tl1erefore no time was 1ost in getting start-
ed ov erland. A hasty trip was made and only the· main topographi-
cal features of the country and the character of the business were 
noted. No survey notes were recorded on this trip, and conseq_uent-
ly only a general· description of the country and an approximate es-
timate will be given frorn memory. The trip from Morelia to Guad-
alajara and tr1e hasty conclusions will be described under three 
headlngs: (1) the first impressions of the topographical construc-
tion of the country; (2) the probable length and cost or a line be-
tween these points; and ( 3) the probable business of the country •. 
(1) The First Impressions of the Topographical Construction 
of the country. The divide between the Balsas and the Santiago; 
Rivers appears to extend due westward from Morelia". This is a 
single divide east of Morella to the Salazar Peak, but west of 1vro-
re11a the divide appears to fork, so as to form a double divide, 
actually two divides, one separating the plateau from the Santiago 
River and the other separating the pl ateau f rom the Balsas River . 
The difference in distance between the divides varies from 40 to 
70 ki_lometers. Between these two divides are salt water lakes 
and comparatively 1eve1 plateaus, Which vary in elevation f'rom 
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5,500 feet to 6000 feet s. L.B. M. These salt water lakes vary 
in size and are located in a row in this plateau .. TJ1e larger of 
these lakes are Patzcuaro, Cuitzeo, Zinaduro, Ayaraba, Vinuta, za-
mora, and Etz.apotlan. Lake Chapala is much larger than any of 
these, but it is a fresh water lake wi tr1 the Santiago river empty-
ing into it near the east end and flowing out of it a few kilometers 
fart her west •. The surface elevations and the brackishness of the 
water in these lak.es vary with the seasons •. The clrainage areas of 
these lakes appear to vary in size, but generally speaking the 
length of the areas on an east and west course Will average from one 
and one half to two times their length on a north and south course .. 
Therefore the longer arroyas and creeks run in an easterly and west-
er1y direction .. 
The saddles and passes in the divides are generally 1ow and 
flat, while between them are high buttes or mountains. AS the 
lower saddles in a mountainous country are generally at the head-
waters of the longer drainages the country appears to lie favorably 
for east and west pro,jections. 
on account of its elevated plateaus and tJ1e 1ow flat saddles 
between the diff'erent drainage uni ts, the country should offer few 
difficulties to an east and west 1 % projection. 
" ( 2 ) PROBABLE LENGTH AND COST .. From the hasty reconnaissanre 
of the country, I would estimate the supported grade on a line from 
M.orelia to GuadalaJara to cover from 0.2 to 0.3 of the entire dis-
tance, and the average cost of the grading and bridging to be from 
#15,000 to $20,000 silver per kilometer, and the total cost includ-
ing sidings, tracks, terminals, water service, telegraph, and the 
rolling stock to be from $40,000 to $45,000 silver per kilometer. 
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From the maps of the state of :Michoacan, in which Morella is 
located, and of Jalisco in Which Guadalajara is located, the differ-
ence in longitude is seen to be about 2° 50 1 • Assuming roughly 70 
miles per degree and computing the hypotenuse of the triangle, the 
air line distance between Morella and Guadala,jara is found to be 
between 260 and 275 miles, or between lt15 and 440 kilometers. From 
the topography of the country between these two termini, it appears 
feasible to project a 1 % line, the length of which would not ex-
ceed by 10 % the length of the air line. Therefore the resulting 
length would range between l+60 and 485 kilometers. The minimum 
cost of the gradi.ng, bridging, track, etc., for t11e 460 kilometers 
at $40,000 :per kilorneter would amount to $18,i+oo,ooo silver. The 
maximum cost of 485 kilometers at $45,000 per kilometer would a-
mount to $21,825,000 silver. These hasty estimates are very crude 
and should not be depended on too much. 
If the survey had been continued, the first line to be 
tried would have been one skirting Lake Chapala on the west, thence 
in a southeasterly course skirting Lake Etzapotlan, Vinuta, and 
Ayaraba on the north, thence ro11ovling in a general course the 
trair into zamore, thence south of Lake Zinaduro and eastward into 
Morella .. 
( 3) PROBABLE BUSINESS OF THE COUNTRY. These wide mesa-
like p1ateru1s are comparatively 1eve1 and appear to be fine agri-
cultural land, and any line s11ou1d prove a good feeder for agr i-
cultural :products. on the ridges and lower reaches of the moun-
tains is very fine hard and soft-wood timber, and the lumber busi-
ness on any line should prove of great value. There appears to 
I be from two to three times as much business on this line, per kilo-
" 
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meter of length, as there is on an equal length of the A projection 
from M6xico City to liJiorelia .. 
IV. SlnvIMARY AND COMPARISONS .. 
The characteristic features of the proposed line were left 
to the writer's discr,3tion; and consequently it was deemed advisa-
ble to estimate the gradients, lengths, and trie -probable cost of 
the competitive lines in this portion of the country, so as to se-
lect a line equal to or better tJ1an any competitive lines operating 
into Mexico City from the north and west. The length of the lines 
reported herewith and the location of the station sites were taken 
from the railroad gt1ide •. The elevations of the stations were de-
terrnined by two tJarometric readings. 'l'he probable cost of the 
construction was determined by a train reconnaissance. 
ESTIMATE OF COST OF THE EXISTING LINES ENTERHW 
M:EXI CO CITY FROM THE NORTH AND WEST. 
The fo11owing competing railroads were considered, so as to 
show both the better and poorer practice: (a) Uruapan -- Mexico 
City branch of the National Railroad (narrow gauge); (b) the Mexi-
can Central (main line); and (c) the National Railroad (main line). 
The 1ocation of the three railroads and also that of tne projec-
t ions reported upon are sJ1own on the maps l'fo. 2 and No. 3, Vol. II; 
and the profiles of the th.ree existing lines are shown on profile 
No. 4, Vol. II. 
(a) URUAPAN -- MEXICO CITY BHAl'JCH OF THE l'J"A'rIONAL RAILWAY .. 
The profile of this narrow gauge railroad is shown on :profile No. 
>+, Vol. No. 2. It is noticeable that the maximum grade on the 
mountain section is 4 oJo and on the plateau sections only 2 f;, with 
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maximum curvature of 12° and 16° respectively .. 1'11e plateau sec-
tions have been relocated and construction is progressing on a line 
having a maximum grade of 1 % and maximum curvature of 6°. This 
line can not be aaid to represent good modern practice. The esti-
mate of co at of the line between Mexico City and Morelia, a dis-
tance of 377 kilometers is as follows: 
Grading and bridging (377 kilometers) 
Mexico City terminals (line No. 3 and 3a, 
page 29 ) • . • • . . . 
Track, water service, sidings, terminals, tele-
graph, fencing, rolling stock, etc ••• 
$6,201,000 
3,000,000 
8,859,000 
Total Cost • • • •. $18,060,000 
Cost per kilometer .•• $ 47,916 
( b) MEXICAN CENTRAL RAILWAY ( Main Line, Standard Gauge). The 
profile of the Mexican Central Railway from Mexico City to Celaya 
a distance of 292 kilometers, is shown on the profile No. 4, Vol. 
II. TJ1is railroad represents the average practice, having a 1 % 
grade southbound and 1.5 % maximum north.bound on trie Tula division 
and on tr1e other div is ions a maximum grade of 1 % northbound. 'rhe 
Tula division is operated as a _pusher division for tr1e maximum 
trains; and therefore a 1 % train 1oac1 can be handled on this di-
vision with an extra light 1msrrnr engine, or tJ1e shorter and light-
er trains are hauled over the division to San Juan del Rio, at 
which point they are combined in t11e maximum 1 % trains.. Over the 
1.5 % grade only 50 to 60 % more motive power is needed than on the 
1 % grade; a~d therefore the older and lighter engines can be used 
in the pusher service •. As the city of Tula, situated at the foo,t 
of the 1.5 % grade, is a division point and also tJ1e terminus of a 
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branch line to Pachuca, a supply of motive power for pus11ing pur-
poses is always available. The estimated cost of the main line of 
the Central from Celaya to Mexico City is as follows:: 
Grading and bridging (292 kilometers) • • • •• $6,000,000 
Mexico City terminals (report on lines No. 3 
and 3a, page 29 ) ••••••••••• . . . 3,000,000 
Tracks, water service, sidings, terminals, tele-
graph, fencing, rolling stock, etc. • • • • 7,300.000 
Total cost .••••••• $16,300,000 
cost per kilometer • • . • $ 55,, 800 
(c) NATIONAL RAILWAY (Main Line). The profile of the mruin 
line of the National Railway, standard gauge from Celaya to Mexico 
City, a distance of 300 kilometers, is shown on profile No. 4, Vol. 
II. This line practically parallels the Mexican Central for the 
entire distance •. Tr-ie only di version is in tne line of the Nat ion-
al between Tula and the summit or the Tula San Juan divide at 
Napala, which was made to develop distance in order to make the sum-
mit on a 1 % grade. This development added about 10 kilometers of 
distance, and some very difficult construction was encountered. The 
National Railway represents the best modern practice, and no steep-
er gradient should be assumed for future trunk lines. The central 
and the National have 200 meters of adverse grade southbound from 
Tula to Mexico City. The estimate of the probable cost of con-
struction of the main line of the National from Celaya to Mexico is 
as ro11ows:: 
Grading and bridging (300 kilometers) . . . . . . . • $7,194-,000 
3,000,000 Mexico City Terminal (line No. 3 and 3a, page 29) 
Track, water service, sidings, terminals, tele-
graph, fencing, rolling stock, etc •.• . . . 7,500,000 
Total cost •••• 
cost per kilometer 
. . . . . . • $17, 691.t, 000 
. $ 61,14-8: 
COMPARISON OF THE ECONOMICS OF THE DIFFERENT PROJECTIONS. 
The previous comparisons of the various pro,jections have 
been made with reference to t:r1e physical condition of the country 
through Which eac.h line passes and on the cost of constructing and 
equiping the same .. Under the above heading will be considered the 
economics of the several lines for the average operating conditions. 
The capitalized value of each line is the original cost of construc-
t ion plus a sum of money of wJ1ich the fixed charges represent the 
interest value at the prevailing rate for long-time 1oans. In 
other words, the capitalized value of each line would. equal the 
first cost plus the amount of money that could be expended to avoid 
or remove the defects. Under this heading will be considered the 
three following conditions: ( a) pGrcentages of curvature on the 
several project ions; ( b) the capitalized value of rise and fall;· 
and (c) capitalized value of the difference in length. 
PERCENTAGES OF CURVATURE ON THE SEVERAL PROJECTIONS- .. 
In the original report to the railroad company, trie detailed 
estimates of the curvature per kilometer on each projection were 
furnished; but these estimates have been misplaced or lost, and can 
not be duplicated from memory .. However the comparative percentag-
es of curvature can be estimated from memory; and tJ1erefore a crude 
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comparison or the several lines can be made. The curvature will 
II be C:Hscussed under four heads:: ( 1) that of the A, A• , Aa, Ab, Ac,. 
Ad, and Ae pro,jections; (2) that of the P and P' projections; (3) 
that of the A and P projections; and (I+) the proportional curvature 
on ~11 of the projections. 
(1) The A, A', Aa, Ab, Ac, Ad, and Ae Projections. The 
curvature on the Aa projection will exceed that or the A projection 
from kilometers O to 109· by at least 10 %· If the percentage of 
curvature on the A pro,jection be considered a"' -~ unity, the fo].lowing 
are tr1e proportional percentages of curvature on each of the side 
:project ions:: 
A line, continuous 1 % grade . . . . . . . . • . . . 100 ofo 
A line plus Aa, 1 % projections, kilometer 0 to 109 110 % 
A II ti A' 1 "' ti With adverse grade. 125 -135 % , ;'O . 
A II II Aa, 1 11 grade from kilorneters 199 to 21+1. 115 - 120 % 
A II II Ac, 0.9 II II ti II II II 125 - 135 11 
A II II Ad, 0.8 II II II II II II 11+0- 155 o'T • -;o 
A II II Ae, 0.5 II II II II II II 200 -250 % • 
(2) P and P• Projections. If the percentage of curvature 
on the P projection be considered as unity, the ro11owing are the 
proportional percentages of curvature on the P plus P' projection:: 
Pline, 2.3 % grade ..•••.. 
P line, plus P' line, 2.3 1i grade • 
. . 
• • 
100 7i 
115 -125 1b 
(3) A and P Projections. If the percentage of curvature 
on the A projection be considered as unity, tJ1e following are the 
proportional percentages of curvature on the P projection: 
A line, 1 6/o maximum grade • 
Pline, 2.3 % maximum grade ~ . . 
. . 100 70 
( 4) Comparative Curvature of a11 the Project ions. rr the 
percentage of curvature on the A projection be considered as unity, 
the proportional percentages or curvature on the main line and side 
line projections as stated in tne previous tables Will be as fol-
lows:· 
A, - continuous 1 % grade . . . . • 100 fi • 
A plus Aa, 1 yo projection . . . . • . 110 fo 
A :plus A' , 1 % grade With adverse . . . . • 125 - 135 % 
A plus Ab, 1 % grade kilometer 199 to 241 . . . . • 11.5 - 120 % 
A plus Ac, 0.9 % grade II tr II II 125 - 135 % 
A plus Ad, 0.8 % II II II " II 14-0 155 % • . . . • 
A plus Ae, 0.5 % II " II II II 200 - 250 % 
P, 2.3 % maximum grade . . . . . . . . . 175 - 225% 
p plus pt , 2.3 % maximum grade . . • 200 - 280% 
COMPARATIVE VALUES OF RISE AUD FALL. 
The rise and fall of the various projected lines can be 
taken from the various estimates ( see tables B and o., pp. 48 and 56 ) •. In 
figuring the capitalized value of the rise and fall two important 
considerations are to be noted: viz., the ruling gradient, and the 
value of the rise and fall per unit over or under the ruling grad-
ient. 
Assuming that the ruling gradient of the various projec-
t ions is 2. 3 %,- and that one foot of rise and fall on the ruling 
vradient is worth $30 per daily train, for fifteen daily trains one 
foot of rise and fall would amount to $450 per annum, Which at an 
interest rate of 4 % would amount to an investment of $11,250 gold 
(or $22,500 silver) per foot of rise and fall, or $36,900 gold (or 
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r $73,800 Si~er) per meter. The excess of rise and fall on the p 
pro,jection over that of the A projection is 11+50 meters, which at 
II $36,900 gold per meter amounts to $51,844,500.. If tJrn cost of one 
foot of rise and fall on a 1 % grade were the same as on the ruling 
gradient, then the capitalized value of the rise and fall of the p 
projection over that of the A projection would be $51,844,ooo gold. 
Assuming one foot of rise and fall on the 1 % grade to be 
worth only $15 per foot per daily train instead or $30 as above, 
then for 15 daily trains, one foot of rise and fall would amount to 
$225 per annum, which at an interest rate of 4 % would represent an 
investment of $5,625 gold per foot of rise and fall or $18,450 gold 
per meter •. 
Considering the Pline on the ruling grade and the A line on 
the 1 % grade, the actual difference in tJ1e value of the rise and.J. 
fall between the A and P pro,jections is as fo11ows:: 
Pline, 1840 meters@ $36,900 gold= •.• ~~66, 56 7, 000 
A line, 400 meters@ $18,450 gold= 7.380.000 
Difference in capitalized value of rise and fall $59,187,600 
CAPITALIZED VALUE OF THE DIFFERENCE IN LENGTH •. 
The lengths of the various pro,jections are as follows: P 
line 344 kilometers or 215 miles; P~ line 350 kilometers or 218.75 
miles; A line 393 kilometers or 245.6 miles; and the A plus A1' line 
410 kilometers or 256.2 miles. The difference in length between 
the 1ongest and the shortest line is 41.2 miles; and hence we will 
assume for convenience a difference of 40 miles in the following 
deductions. The capitalized value of a difference of length de-
pends on two conditions: ( 1) train wages not affected; and ( 2) train 
wages affected. Each of these conditions will be taken up. 
(1) Train Wages Not Affected .. Assume the cost of operat-
ing· a train the minimum distance to be $1 per mile, then the added 
cost of operat lng each additional mile is thirty-seven cents if tr1e 
train wages are not affected. Reducing this thirty-seven cents 
per mile to dollars per year per daily train gives $267, Which at 
an interest rate of 4 % represents an investment of #6,675 gold per 
daily train. For 20 trains or ten round trips over the addeQ 40 
miles the cost per mile per year is $66,750, and for tJ1e l.J..O miles 
is $2,670,000 •. 
( 2 ) 1'rain wages Affected. Assume the cost of operating a 
train for the minimum distance to be one dollar per mile, then the 
added cost of operating each mile, if the train wages are affected, 
is fifty-two cents. Reducing the fifty-two cents per mile t~ dol-
1ars per year per daily train gives •375, Which at an interest rate 
of l.J. % represents an investment of #9, 375 gold per daily train .. 
For twenty train or ten round trips over the added 40 miles, the 
cost of operation per mile per year is $93,750 gold, and for the 
40 miles is $3,750,000. 
For th.e added 40 miles the train wages would certainly be 
affected, and hence the second assumption will be taken as repre-
senting the actual conditions~ 
COMPARISON OF THE CAPITALIZED VALUES OF '.l'HE VARIOUS PROJECTIONS .. 
summing up t:r1e first cost and the capitalized values for 
the various 1 terns we nave the following table D. The curvature on 
the A projection was assumed at 30° per kilometer, Which gives a 
method of comparing the various projections on a monetary basis. 
--
CAPI'l'ALLIZED VALUES OF THE VARIOUS PROJZCTIONS 
Items A LINE A+ Aa.LINE A + Ab LINE A+Ac LINE A+ Ad LINE A + Ae LINE A + A 1 LINE p LINE P' LINE P + P 1 LINE 
Coat t 35,316 , 500 $35,332,000 $35, 316, 500 $35,463,650 '35 , 763,GSO $36, 246, 500 
$36, 159, 500 $50,043,200 J 51,179,200 ~ 51,179,200 
First 
Rise and Fall,!%&, under 14,760,00( 15,560,000 14,760,000 13,776,000 t12,300,000 t10,660,000 $14,760,000 
Rise and Fall 2% to2.3% !135,792,000 $1~5, 792, ooo Jl35,7?2 , 000 I 
Length in Kilometers 393 396 410 432 450 470 410 344 350 350 ! 
Capi talizr,.d Value of 
Extra Length, o.Bauming $ 4,593,75( t4,?93,0QO t 5,728,500 $ 7,197,000 t s,369,soo t 9,7"'1 , 500 t 5,728,500 $ 400, 500 f 400,500 
the line p as unity 
Co.pi tali zed Value, 
excluei ve of curvature • 54,670,25( {55,685,000 $55,805,000 l'l56,436,G50 $56 ,460, 150 {'56,638,000 t 56, 648, 000 $185,835,200 ~187,371,700 ~187,'371,700 
Relative Curvature, 
assuming A Line as 100% 105% 115--120% 12f --135% 140--151:.1 200--
0 50% 125~ 175--2251 200-- 250'% 175--2351 
unity 
Capitalized Value of' 
Curvature, assuming t2,121,200 ~ 2,541,000 t° 2 , 226, 000 t 2,808,000 l> 3,675,000 ~ 
• 1,650,000 ~ 1,685,490 t 1,794,000 $1,932,000 
3,325, 000 
30 of' curvature per 
Kilometer on the A 
Projection 
Total Capitalized Value $56, 320, 250 ts?,370,49o tS?,599,000 ~58,36~,650 t5S,G81,350 fs9,17n,oo~ f-58,874,000 i:'1rs,7.·3,2DO <!'1191,0~6,700 'l-100,696,700 
~ 
The resu1 tant capi ta·11zed value for any pro,ject ion is a little too 
great, yet the example shows a reliable method for comparing costs. 
CONCLUSIONS .. 
The conclusion derived from the preceding discussions 
is that the A projection is the only feasible line. The proposed 
line is for trunk line purposes; and therefore the A line is rec-
ommended for the various reasons set forth in this report. All 
the side projections of this line should be considered in detaii, 
and one cq,n be selected to fit any grade scheme from a 0.5 % sup-
ported to a 1 % adverse, according to the amount of money to be ex-
pended and the kind of a line wanted. 
The Pline has nothing to commend it except its mineral 
and timber possibilities; and these resources can be more easily 
controlled by braneh lines from the existing railroads-
FINIS. 
LIST OF MAPS AND PROFILES. 
MAPS: 
(1) Plan of Mexico City showing the proposed terminals 
( 2) Map from Mexico City to Morelia. Made exc1usive1y 
from reconnaissance notes. Scale---1 •••• 400,000 
( 3) }!ap from Mex.ico City to More11a. Made from the vari-
ous state maps furnished by the Federal Govern-
PROFILES: 
ment. The boundaries or the state maps did not 
exactly agree, but the maps were joined as accur-
ately as possible. Scale 1:500,000 
(1) P and P' with estimate or the cost 
(2) A, A', Aa, Ab, Ac, Ad and Ae witl1 estimates of cost 
(3) P, P', A and A' to smaller scale. 
(4) Profile of the varirn1s railroads entering Mexico City 
from the north and west, and the estimate of the 
-probable cost of each as taken from train recon-
naissance notes. 
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